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COMPOUNDS 



The present invention relates to the use of pharmaceutical compounds in 
therapy, particuiarty in the treatment of conditions of the respiratory tract 
and conditions of the gastrointestinal tract such as inflammatory and 
allergic conditions of these and other tissues, while reducing or 
eliminating undesirable or adverse effects at sites distant from the target 
tissue. The invention relates also to compounds for use in therapy which 
have an advantageous side-effect profile, to pharmaceutical fomriuiations 
thereof and to methods of selecting said compounds. 

it is well known that some pharmaceutical compounds useful in therapy 
may cause, in addition to their desired pharmacological effect, 
undesirable or adverse side-effects at sites distant from the ta^et tissue, 
so-called systemic effects. The usefulness of the compound for the 
treatment of a given disorder depends inter alia on the ratio between the 
potency of the compound in respect of its desired phanmacologicai activity 
and its systemic liability. 

Glucocorticosteroids (also known as corticosteroids) are one category of 
known drug widely used for the treatment of inflammatory disorders or 
diseases such as asthma and rhinitis, which may in general suffer from 
the disadvantage of causing unwanted systemic effects following 
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administration. Such effects include adrenal suppression, increased 
bone turnover, impaired growth, skin thinning and easy bruising, and 
increased risk of cataracts. WO94/13690. W094/14834. W092/13873 
and W092/13872 ail disctose giucocorticosterolds which are alleged to 
possess smti-inflammatory activity coupled with reduced systemic 
potency. 

Another dass of drug widely used for the treatment of asthma for 
example are ^2-a6renoreceptor agonists. vrinicHn also suffer from the 
disadvantage of causing unwanted systemic effects following 
administration. Such effects include central nen/ous system stimuiatoiy 
effects and cardiac arrhythmia. 

One way in which the potential adverse side^ffects of a compound may 
be anneliorated is by seeking to confine the pharmacological activity of the 
compotind to the taiget tissue or site of actton in the body, thereby 
redudng or eliminating unwanted systemic effects associated with the 
administration of that compound. 

We have now surprisingly found that certain compounds having 
therapeutic activity are converted in the bloodstream into other 
compounds which substantially lack said activity, in particuiar. we have 
found that certain compounds possessing a 5-membered ring structure 
which incorporat s an ster linkage are hydrolysed rapidly in the btood 
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(plasma) to form compounds which substantially lack said therapeutic 
activity. Such plasma-labile compounds may thus be oq^ected to have 
reduced systemic potent compared to compounds which are not 
plasma*iablle. 

Whilst not being bound by any theofy concerning possit^ mechanisms of 
action, it is believed that an enzyme referred to hereinafter as "iactonase" 
is responsible for the hydrolysis of the aforementioned compounds in the 
blood. 

Thus, we have found a method of localising the therapeutic activity of a 
compound to a predetennined site within the human or animal body, the 
method comprisir^ administering a compmind or a physiologically 
acceptable saK or solvate thereof to the desired taiget t^ue of a human 
or animal sublet, said compound having a therapeutic activity BPd being 
hydroiysable in the blood to another compound which substantiaHy lacks 
said therapeutic activity. 

We have thus, also found a method of eliciting a therapeutic effect in a 
target tissue while avoiding concomitant systemic liability, the. method 
comprising administering to a human or animal subject in need of therapy 
a compound or a phystoiogicaily acceptable salt or solvate thereof in an 
amount sufficient to have therapeutic acti>rity. which compound is 
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hydroiysable in the blood to another compound which substantially lacks 
said therapeutic activity. 

Additionally, we have found a method of treating a disorder with a 
phamiaceutical compound while reducing or eliminating any systemic 
effects associated with the administration of that compound, the method 
comprising administering a therapeutically effective amount of said 
compound or a physioiogtcaily acceptable salt or solvate thereof to a 
human or animal subject, which compound is hydroiysable in the blood to 
another compound which substantially lacks said therapeutic activity. 

Furtiiermore, we have found that it is possible to modify the chemical 
structures of known ('parent') drug compounds in such a manner that tfie 
modified compound retains the desired therapeutic activity, but differs 
from the 'parent' compound in tiiat it is hydroiysable in tiie blood to a 
compound which substantially lacks the therapeutic activity of the *parenf 
compound. Thus, we have found a method of reducing tiie systemic 
effects assodated with the administration of a drug compound, the 
method comprising modifying said compound such that the modified fbmfi 
of the compound retains the desired therapeutic activity and is rendered 
hydroiysable in the blood to a compound v^ich substantially lacks said 
desired therapeutic activity. 
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According to one aspect of the present invention there is provided a 
therapeuticany active compound or a salt or solvate thereof, hydrolysable 
in human or annnal blood to a compound with reduced therapeutic 
activity. The therapeutically active compound is other than the 
compounds disdosed in International Patent Applications Nos. 
W097/24365. W097/24367 and W097/24368. 

The therapeutically active compound preferably comprises a 5-membered 
ring structure including an ester linkage, wherein said ester linkage is 
hydroiysable by a iactonase enzyme. 

According to another aspect of the present invention there is provided a 
method of providing localised therapeutic effect at a target site within a 
human or animal body comprising administering a compound to said 
target site, wherein said compound is hydroiysable in human or animal 
blood to a compound with reduced therapeutic activity. 

According to a further aspect of the present invention there is provkied a 
method of identifying a compound capable of providing a therapeutic 
effect at a target site within a human or animal body with reduced 
systemic potency to said body comprising 
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(a) comparing the susceptibility to hydrolysis of said compound in the 
presence of lactonase enzyme to the corresponding susceptibility in the 
absence of said lactonase enzyme; and 

(b) selecting a compound on the basis of enhanced susceptibility to 
hydrolysis in the presence of the lactonase enzyme. 

The susceptibility to hydrolysis is preferably compared by means of the 
'enzymatic hydrolysis test method' defined herein. 



Compounds 

There is provided a therapeutically active compound or a salt or solvate 
thereof, hydroiysabie in human or animal blood to a compound wiUi 
reduced therapeutic activity. The therapeutically active compound is other 
than the compounds disclosed in International Patent Applications Nos. 
W097/24365. W097/24367 and W097/24368. 

The therapeutically active compound preferably comprises a ring 
structure, more preferably a 5-membered ring structure Including an ester 
linkage, wherein said ester iinicage is hydroiysabie by a lactonase 
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enzyme. Compounds having an ester linkage herein are defined to also 
nictude compounds in which the 'ester (i.e. ^0*0-} linkage' is part of a 
broader linkage, such as a carbonate (i.e. •0-C0-0-) linkage. 

The compounds herein are therapeutically active. Preferred are those 
compounds which are useful for the treatment of respiratory disorders 
and disorders of the gastrointestinal tract, skin, eyes and jornts. Also 
preferred are antHnflammatory or anti-allergic compounds such as 
cofticosteroids which have utility in the treatment of inter alia allergic and 
inflammatory conditions of the aforementioned tissues. Also preferred 
are Pa-^clrenoreceptor agonists. 

The compounds herein are hydrotysabie in human or animal biood to a 
compound with reduced therapeutic activity. By *1herapeutic activit/' is 
meant the phannacotogicaf activity for which the compound is 
administered. By **a compound with reduced therapeutic activity** it is 
meant a compound which is less potent in temis of its desired 
phamiacoiogical activity compared to the parent compound. Preferably, 
the hydroiysate of the parent compound is at least 2*foki less potent, 
particularly S-fold less potent and especially at least 10-fold less potent 
than the parent compound. 

In a preferred a^>ect. the compounds herein are hydrplysable by a 
lactonase enzyme. 
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Suitably, the iactonase enzyme has a moiecuiar weight of approximatsly 
40 kdB and is: 

- insensitive to phenytmethylsuiphonyi fluoride (PMSF) at a concentration 
of 10 mM (alkylates serine residues in the Ser/His/Asp catalytic triad of 
classical Ser proteases and esterases); 

- insensitive also to p-chloromercuribenzoate (PCMB) at a concentration 
of 1 mM (alkylates Cys residues in the Cys/His/Asp catalytic triad of 
classical Cys proteases and esterases); 

- insensitive to eserine at a concentration of 50 mM; 

- Ca^^-dependent. This last dependence is reversible, i.e. EDTA can be 
used to chelate Ca^* with concomitant loss of activity which can be 
recovered by addition of Ca^*^. 

Enzymes possessing a similar profile are described in the prior art. For 
example. W.N. Fishbein et at. Journal of Biological Chemistry 1966. 
241(21). 4835-4841, describe the purffication of a y-lactonase (i.e. an 
enzyme capable of hydrolysing aliphatic y-lactones) from rat liver and 
human plasma. Further, it is believed that the enzyme "Iactonase" is 
related to or substantially homologous to the enzyme paraoxonase 
disclosed in International Patent Application No. WO 96/01322 and C. E. 
Furlong et al. Chem. Biol, interactions. Vol 87, p35-48. (1993). the 
contents of both of which are incorporated herein by reference as if 
reproduced in full b low. Paraoxonase is desribed by G.J. Kelso. 
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Bfochem. 1994. 33, 832-839 to be present in the liver and the blood, but 
absent from the lung, heart, brain, placente, skeletal muscle, kidney and 
pancreas. 

Enzymatic hydrolysis test method 

The compounds herein have relatively short half-lives In blood in vitro. A 
test method for determining the halMife of the compounds under defined 
enzymatic hydrolysis conditions in vitro is nov^ described. The test 
mettiod is believed to provide a suitable Indicator as to effects in wvo. In 
the test method, the hydrolysis of test compounds by a lactonase enzyme 
is monitored using RP HPLC with UV detection. 

The 'enzymatic hydrolysis test method' is as follows: Incubations are 
carried out in 1ml volumes in an aqueous medium containing 5% bovine 
serum albumin in the presence of 20mM CaCl2. The solutions are 
preincubated at ST^'C for 5 minutes before the addition of the test 
compound (5^1 of a 5mg/ml solution in DMSO) and then lactonase 
enzyme (10^1 to the 1ml incubations). Control incubations containing no 
enzyme are also included. The enzymatic hydrolysis is monitored by 
removal of aliquots and quenching the reaction by the addition of an 
equal volume of acetonitriie. The samples are vortex mixed, then 
centrtfuged and the supematants are transferred to autosampier vbis for 
HPLC analysis. 

In a suitable HPLC procedure, aliquots (20^1) of the supernatants are 
injected onto a Zorbax Rx CB column (250 x 4.6mm; Hichrom). The 
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column is maintained at 40''C and eluted at a flow rate of 1.0 mUmin with 
a mobile phase of acetonitrile: 50 mM ammonium formate (65:35) 
adjusted to pH 42 with formic acid. Detection is by UV absorbance at 
240nm, and chromatographic peak areas for both parent and metabolite 
are measured. 

In a preferred aspect, the half-life of each compound may be determined 
by a method in which peak areas are plotted against time on a log-linear 
scale, and the half lives determined by extrapolation or interpolation of a 
straight tine joining two points. 

The above described 'enzyntatic hydrolysis test method' employs 
lactonase enzyme. Suitable forms of lactonase enzyme include human 
serum paraoxonase or a recombinant form thereof, or purified lactonase, 
obtained from human plasma as described hereinafter. Purification of 
human serum paraoxonase is described by C E Furiong et at. 
Chem.BtoUnterai^ons. Vol 87, p35-48. (1993) and recombinant human 
serum paraoxonase is described in International Patent application No. 
WO 96/01322 

Generally, the compounds for use in the invention have a halMife in the 
presence of lactonase enzyme of less 1 hour, preferably less than 30 
minutes, especially less than 10 minutes. Con-espondingly, the 
compounds would also be xpected to have a half-tife in human plasma 
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of less 1 hour, preferably less than 30 minutes, especially less than 10 
minutes (see later descrSjed 'stability in human plasma' test method). As 
a result of this rapid hydrolysis in the presence of lactonase enzyme the 
compounds are ilkeiy to possess reduced systemic potency. Such 
compounds may thus, represent a safer altemative to plasma-s^bie 
dnigs which are more likely to have poor side-effect profiles. 

Sfructure of the compounds 

Compounds for use in the invention typically contain a ring stru^re. 
preferably a 5-membered ring structure, which incorporates an ester 
linkage. The ester linkage is susceptible to hydrolysis by lactonase 
enzyme. 

Lactone-like «)mpounds 

Preferred confounds include those containing a lactone-like group, 
preferably a lactone group, most preferably a y-lactone group. In the case 
of such a compound being a steroid derivative, the iactone^ike group 
may be either fUsed to a ring of the steroki nucleus or connected to the 
sterokl nucleus via an appropriate linker group. Preferably the lactone- 
like group is ftised or connected to the cyctopentane ring (conventionally 
known as ring 0) of th steroid nucleus. 
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ilustrative tactone-ISce compounds include: 

6a.9a-D»fluor6-1 1 p-hydroxy-16a-methyl-1 7-spiro[androsta-1 .4-diene- 
17,5'-l1.3Joxathiolane]-2'.3,4'^one: 

6a,9a-Difluoro-1 1 p-hyclfoxy-16a-methyl-3-oxo-17a-propionyloxy- 
androsta-1 ,4-diene-1 7p-carbothioic acid S-(2-oxo-tetrahydro-furan-3- 
yimethyO ester; 

6a,9a-Drfluoro-1 1Ji-hydroxy-16a-methyl-3-oxo-17a-(2-oxo- 
tetrahydrofuran-4-ylsulfanyl-acetoxy)-androsta-1 ,4-diene-1 7(J-carbothioic 
acid methyl ester, 

6a,9a-Difluoro-11p;2lKlihydroxy-16aJ7a-[2-(2-oxo-tetrahydrofu 
yl)sutfanyllethy!idenedioxy-pregn-4-ene-3,20-dione; . 

9a-Fluoro-1 1p,17a.21-trihydroxy-3,20-dioxo-pregna-1 ,4-diene-16a-acetic 
acid y-iactone; 

3-{3-[2-(4-Am{n(>-3,5-dich!orophenyl^2-hydroxyethylaminoj^^^ 
dihydro-furan-2-one trifluoroacetate; 

and salts and solvates thereol 

it will be appreciated ttiat some of the above described lactone-iike 
compounds for use in the invention have individual R and S 
dsastereoisomeric fomns at the asymmetric centre at the point of 
attachment of the lactone-like S-membered ring; these indivkluai isomers 
are included within the scope of ttie invention as well as the mixtures 
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thereof, ft will further be appreciated that the compounds for use in the 
invention may indude the individuai R and S diasteieoisomefs at other 
asymmetric centres. Thus, individual R and S diastereoisomeis isolated 
such as to be substantially free of the other diastereoisomer. i.e. pure, 
and mixtures thereof are included within ttte scope of the present 
invention. An individual R or S diastereoisomer isolated such as to be 
substantially free of tiie other diastereoisomer. i.e. pure, will preferably be 
isolated such that less than 10%, preferably less than 1%. especially less 
than 0.1%. of the other diastereoisomer is present. 

CycBc carbonate compounds 

Other suitable compounds indude a ring structure, preferably a 5- 
membered ring structure, having a cart>onate (i.e. -0-C0-0-) linkage. 
Preferred compounds of this type indude those of fonnula (ia) or (lb) 
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and soivat s th r of Jn which 
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represents O or S; 
R2 individuaiiy represents 0C(-0)C|4 aikyi; 

R3 Individuaiiy represents hydrogen, methyl (which may be in either the a 
or p configuraton) or methylene; 

or R2 and R3 together represent 

O 

C 

— O Rj 

wherein R^ and R7 are the same or different, and each represents 
hydrogen or alkyi; 

R4 and R5 are the same or different and each represents hydrogen or 
halogen; 

Rq represents hydrogen, alkyi or aryl; and 
' represents a single or a double bond. 

in the above definitions, the term "aHcyf as a group or part of a group 
means a straight chain, or. where available, a branched chain alkyI 
moiety. For example* it may represent a C,^ alkyI function as 
represented by methyl, ethyl, n-propyi. i*propyi. n-butyi and t-butyi. 
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The solvates may. for example, be hydrates. 

References hereinafter to "compounds of formula (1)° include compounds 
of formula (la) and formula (lb) and all stereoisomers and mixtures 
thereof. 

Oiastereoisomers and mixtures thereof at the asymmetric centre formed 
when R^andR} together represent 

— 0 R, 

c 

— 0 R, 

and Rg and R7 are different are also included within the scope of the 
present inventen. 

Preferably, R^ represents hydrogen, or me%i. 

Preferred are compounds of formula (i) in which R, represents S. 

Also preferred are compounds of formula (I) in whi^ R2 individually 
represents OC(«0)C,^ alkyl. more preferably 0C(«0)Ci.3 alM. especially 



.WO99/0I467 



PCT/EP98/03905 



17 

0C(«0)6thyl. Con^unds within this group in whtoh is methyl are 
generaUy prefisrred. 

Also preferred are compounds of fonnuia (i) in vi^ich Rj and Ra together 
r^resent 

— o R, 
c 

-OR, 

wherein Re and R7 are the same or different and each represents 
hydrogen or C,^ aiicyl. particularly hydrogen or C,^ alkyi. espectally 
hydrogen, methyl or n^ropyl. 

Compounds of formula (I) in which R4 and Rs. whidi can t>e the same or 
different each represents hydrogen, fluorine or chlorine, particularly 
hydrogen or fluorine, are preferred. E^ecially preferred are compounds 
in whtoh both R4 and R$ are fluorine. 

Particularly preferred are compounds of formula (t) in which R, is S; R2 is 
OC(sO)C,^ allcyl, particularly 0C(=0)C,.3 alkyl. espectally OC(=0)ethyl; 
Rs is rnethyl; and R4 and Rs. which can be the same or different, each 
represents hydrogen or fluorine, espedaily fluorine. 
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Also particutariy preferred are compounds of formula (I) in which is S; 
R2 and R3 together represent 

— o % 

c 

— o R, 

wherein Re and R7 are the same or different and each represents 
hydrogen or Ct^ aikyi, particularly hydrogen or C1.3 aikyl, especially 
hydrogen, methyl or n-propyi; and R4 and R5 which can be the same or 
different each represents hydrogen or fluorine, especially fluorine. The R- 
isomers of compounds within this group in which R^ and R7 are different 
are prefen^ed. 

It will be appreciated that each of the above compounds of fonmula (ia) 
includes the individual R and S diastereoisomers at the asymnnetric 
centre at ttie point of attachment of the cyclic carbonate ring as well as 
the mixtures thereof, it will further be appreciated that the compounds of 
formula (I) may include the indi\riduai R and S diastereoisomers at the 
asymmetric centre fanned when Rj and R3 together represent 
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wher^n and R7 are different, as well as mixtures thereof. 

Preferred compounds of formula (t) rndude: 

6a,9a-Dffluoro-1 1 p-hydroxy-1 6a-methyl-3-oxo-1 7a-propionyloxy- 
androsta-1,4-diene-17fJ-carbothioic acid S-(2-oxo-1,3-dfoxolan-4-yl) ester; 

6a,9a-Difluoro-1 1^hydroxy-16a,17a-isopropylidenedioxy-3<>xo-andrp^^ 
1.4-diene-17p-carbothioic add S-(2-oxo-1.3-dioxolan-4-yl) esten 

6a,9arDifluoro-1 1|^^hydroxy-16a-methyl-3K)xo-17a^)ropto^^ . 
androsta-1 ,4^iene-1 7p*carboxyiic acid 0-(2*oxo-1 «3-dioxolan-4*yt) ester; 

6a,9a-Oifluoro-1 1 p-hydroxy-16a-metfiyl-3-oxo-17a-proplonytoxy- 
androsta-1.4-diene-17p-cai1)Ofhioic acid S<5-n)ethyi*2-oxo-1,3-dk)xoi-4* 
yimethyl) ester 

6a,9a-Difluoro-1 ip-hydroxy-16a,1 7a^sopropyridenedtoxy-3-oxo-androsta- 
1 ,4-dlene-1 7p-carbothioic acid S-(5-methyl-2-oxo-1 .3-dioxol-4-yImethyl) 
ester, 

# 

6a.9a-Olfluoro-1ip-hydroxy-16a-nwthy^3-oxo-17a-propionytoxy- 
androsta-1.4-diene*17p-carboxyiic add 0-(5*methyi-2-oxo-1«3-dk>xol-4* 
yimethyl) est r; 

and solvates thereof. 
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The compounds of formula (1) and solvates thereof may be prepared by 
the methodology descni>ed hereinafter. 

According to a first process (A), a compound of formula (lb) may be 
prepared by treating a compound of fomiula (It) 



cox 
chJ 
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in which Rj, R3, R4. R5 and are as defined hereinbefore for 
compounds of fomiula (i) and X represents OH or an activated derivative 
thereof such as a triazoie or a mixed anhydride, virith a compound of 
fomnuia (iii) 
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(HI) 



and salts thereof, in which 

Z represents Oi-i or SH. and Rg is as defined hereinbefore for compounds 
of fonnuia (lb). 

Thus, a compound of fornuiia (II) wherein X represents OH may be 
activated with an activating agent such as a triazole e.g. 1 -hydroxy- 
benzotriazole and a carbodiimide such as 1-(3<K]imethyiamino-propyl)-3« 
ethyf-carbodiimlde hydrochloride in a polar, solvent such as 
dimethyifonnamide, conveniently at elevated temperatures e.g. about 
iOO'C, and under an inert atmosphere sudi as nitrogen or the like, to 
form an activated derivative of the compound of fonnuia (11). such as a 
triazole derivative e.g. a benzotriazole derivative of fomnula (IV) 
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o o 

c 

o 

(in which R2, R3. R4. R5 and are as defined hereinbefore). 

The activated derivative, which may be isolated if required, is reacted with 
a compound of fomnuia (ill) as defined above to form the desired 
compound of fomiula (lb). 

It will be appreciated by those skilled in the art tiiat the coupling reaction 
may take place in one step without the isolation of the activated derivative 
if a compound of formula (III) is present during or added following 
activation. Alternatively, the activated derivative may be isolated and 
. then subsequently Seated with a compound of formula (ill) to fomi the 
desired compound of formula (lb). 

Compounds of formula (ib) may also b prepared according to the above 
process (A) by coupling a compound of formula (11) M^erein X represents 



I. 

(IV) 
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OH with a compound of foimula (III) as defined above via an Intennedtate 
mixed anhydride, for example, a n^ed phosphate anhydride such as a 
compound of fonnula (V) as described by Kertesz and Marx in the Journal 
of Organic Chemistry. 1986, 51. 2315-2328. 

Thus, a compound of formula (it) wherein X represents OH may be 
activated with an activating agent, such as diethyichiorophosphate in the 
presence of a base such as a tertiary amine e.g. triethyiamine and in a 
suiterf}ie solvent such as a chlorinated solvent e.g. dichioromethane to 
totm an activated derivative of the compound of formula (II) e.g. a 
diethylphosphate mixed anhydride derivative of formula (V) 



o 



o 



OB 




(V) 



(in which Rj. R3. R4. Rs and ~ are as defined hereinbefore). 
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The activated derivative, which may be isolated if required, is reacted vtilh 
a coirqsourKl of formula (III) as defined above to form the desired 
compound of formula (lb). 

It will be appreciated by those skilled in the art that the coupling reaction 
may take place without the isolation of the activated derivative if a 
compound of formula (III) is present during or added following activation. 
Alternatively, the activated derivative may be isolated and then 
subsequently treated with a compound of formula (ill) to form the desired 
compound of formula (lb). 

Compounds of formula (I) wherein represents O or S may also be 
prepared according to a second process (B) in which a compound of 
formula (II) in which Rj. R3, R4. R5 and ~ are as defined hereinbefore 
and X represents OH or SH or their con«sponding salts, is treated with a 
compound of formula (VI) or fonnuta (VII) 



o 



Q 




o 



(VI) 
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in which Q represents a suitable leaving group (such as CI. Br. OSO^A 
wherein A is, for example CH^, CFj* p-CHaCgHJ and is as defined 
above, under standard ntethods. 

Compounds of formula (I) wherein represents O or S may be prepared 
according to the above process (B) by alkylation of a compound of 
formula (II) wherein X represents OH or SH respectively, with a 
compound of fomiuia (Vi) or formula (Vll) wherein Q represents a suitable 
leaving group using methods known in the art. or an adaptation of Uiose 
methods. 

Thus, for example, a compound of formula (I) wherein represents O 
may be prepared by alkylation of a compound of formula (11) wherein X 
represents OH conveniently in the fonm of an appropriate salt (such as 
alkali metal ag. sodium or quartemaryammonium saK) with a compound 
of formula (Vi) or formula (\^t) wherein Q represents a suilat^e leaving 
group, preferably chlorine, bromine or mesylate. The alkylation reaction 
is preferably carried out in the presence of a solvent, suitably a polar 
solvent, under inert conditbns, for example, nitrogen or the like, 
conveniently at a temperature of between about O^'C to 1 00^*0 . Suitable 
polar solvents may include acetone, dimethylformamide, dimethyl 
acetamide. dtmethylsulphoxide. dtchloro-methane or chloroform. 
Preferably, the alkylation reaction is carried out in the presence of a base 
such as potassium carbonate In an inert solvent such as 
dimethylfbnnamid , and at a temperature of 0 to 20^*0. 
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Simiiarty. compounds of formula (I) wherein represents S can be 
prepared according to the above process (6) by alkyiation of a compound 
of formula (11) wherein X represents SH with a compound of fonnula (VI) 
or formula (\^l) wherein Q represents a suitable leaving grotq) by 
adaptation of the methods described by Phitlipps et al. Journal of 
Medicinal Chemistry. 1994. 37. 3717-3729, Thus, a compound of formula 
(i) wherein R, represents S may be prepared by alkyiation of the 
corresponding compound of formula (II) wherein X represents SH 
conveniently in the form of an appropriate salt (such as alkali metal e.g. 
sodium or quartemaryammonium salt) with a compound of formula (VI) or 
fonnula (Vii) wherein Q represents a suitable leaving group as described 
hereinabove for similar alkyiation reactions. 

AKemativeiy, compounds of formula (lb) wherein R| represents O or S 
may be prepared according to the above process (B) by alkyiation of a 
compound of formula (ii) wherein X represents OH or SH with a 
compound of formula (VII) wherein Q represents OH under Mitsunobu 
conditions using triphenylphosphine and a dialkyi azodicarboxylate. or t>y 
using Vilsmeier methodology as described by Barrett and Procoplou in 
the Joumal of the Chemical Society. Chemical Communications, 1995. 
1403-1404. 



Compounds of formula (I) may also l>e prepared from other compounds of 
fomiuia (I) thereof using conventional interconversion procedures such as 
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transacetalisation or eptmerisation. Thus, a process for preparing a 
compound of formula (I) by interconverston of another compound of 
formula (I) (process C) constitutes a further aspect of the present 
invention. 

Compounds of fonmula (I) having a 1,2 single bond may be prepared by 
partial reduction of the corresponding 1.2 double bond compound by 
conventional methods. Thus, for exartipte, by hydrogenation of the 
corresponding compound of formula (I) or of an intermediate used for the 
preparation of a compound of fomiula (I) using a palladium catalyst, 
conveniently in a suttabie solvent e.g. ethyl acetate or preferably by using 
tris<triphenyiphosphine) rhodium (I) chloride (known as Wilkinson's 
catalyst), conveniently in a suitable solvent such as toluene, ethyl acetate 
or ethanol. 

it will be appreciated by those skilled in the art that it may be desirable to 
use protected derivatives of Intermediates used in the preparation of 
compounds of fomnula O)- Thus, the ^ve processes may require 
deprotection as an intermediate or final step to yiekJ the desired 
compound. Thus, according to another process (D), a compound of 
formula (I) may be prepared by subjecting a protected derivative of a 
compound of formula (I) to reaction to remove the protecting group or 
groups present, cor«tituting a further aspect of the present invention. 



wo 99/01467 



PCT/EP9WKJ905 



28 

Protection and deprotectlon of ^notional groups may be effected using 
conventional means. Thus, hydroxy! groups may be protected using any 
conventional hydroxyl protecting group, for example, as described in 
Protective Groups in Organic Chemistry, Ed. J.F.W. McOmIe (Plenum 
Press. 1973) or Protective Groups in Organic Synthesis by Theodora W. 
Green (John Wiley and Sons. 1991). 

Examples of suitable hydroxyl protecting groups includes groups selected 
from alkyl (e.g. t-butyl or methoxymethyl). araikyi (e.g. benzyl, 
diphenyimethyi or triphenylmethyl), heterocyclic groups such as 
tetrahydropyranyl, acyi (e.g. acetyl or benzoyl) and silyl groups such as 
trialkylsilyl (e.g, t-butyldimethylsilyl). The hydroxyl protecting groups may 
be removed by conventional techniques. Thus, for example alkyl, sifyl, 
acyi and heterocyclic groups may be removed by solvolysis. e.g. by 
hydrolysis under-acidic or basic conditions. Araikyi groups such as 
Uiphenyimethyi may be simiiariy be removed by solvolysis, e.g. by 
hydrolysis under ackiic conditions. Araikyi groups such as benzyl may be 
deaved by hydrogenolysis in the presence of a Noble metal catalyst such 
as palladiunvon-charcoal. 

The compounds of fomnulae (II), (III). (IV). (V), (VI) and (Vll) are either 
generally known compounds or may be prepared by methods analogous 
to those described in the art for preparing the known compounds of 
fonnula (II). (Ill), (IV). (V). (VI) and (Vll) or may be prepared by the 
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methods described herein. Novel compounds of fonnufas (li), (Hi). (iV). 
(V). (Vi) and (V/li) torn a yet further aspect of the present invention. 

For example, the compounds of formula (li) wherein X represent OH can 
be prepared by osddation of an appropriate 21-hydroxy-20-lceto-pFegnane 
of formula (\^U) 



O CMjOH 




(Wll) 



o 

(in which R2, R3. R4. Rs .and ~ " are as defined hereinbefore) using, for 
example, the methodology described by Kertesz and Marx. Journal of 
Organic Chemistry, 1986. 51. 2315-2328. 

Compounds of formula (VIII) are commercially available, for example, 
fiuoctnoione acetonide. budesonide and triamcinolone acetonide are 
available from Sigma-Aldrich. or can be prepared from ttie commercially 
available compounds of fomiula (VIII) by. for example, the 
transaoetalisafion methods described in EP0262108 and by partial 
reduction of th 1.2 doubl bond compounds by the methods descn'bed 
herein. Alternatively, compourxis of fonntda (>^il) can be prepared from 
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commerciaHy available 17o-hydroxyi derivatives of compounds of formula 
(Vill), for example, betamethasone, Humethascme. prednisolone, 
bedomettiasorw. and dexamethasone available from Signna-Aidrich. by 
esterificatton of the 17a-hydroxyl group according to the method 
described by Gardi et ai, Tetrahedron Letters. 1961. 448. Novel 
compounds of fonmula (Vlii) form yet a further aspect of the present 
invention. 

Compounds of fonnula (il) wherein X represents SH can be prepared by 
the application or adaptation of known methods, for exampie. using 
methods described by Phillipps et al. Journal of Medicinal Chemistry, 
1994, 37, 3717-3729. 

Compounds of formula (III). (Vt) and (VII) are commerdally available from 
Sigma^drich or may be readily prepared by application or adaptation of 
known methods. For example, compounds of fonnula (ill) wherein Z is 
OH and Rs is metftyt can be prepared by the method of Miyauchi et al, 
Chem. Phamn. Bull. 1990. 38. 1077-1078; compounds of formula (ill) 
wherein Z is OH and is hydrogen can be prepared by the method of 
Jung et al. Heterocycles 1989. 28. 93-97; compounds of fonnula (III) 
wherein Z is SH can be prepared from the corresponding compounds 
wherein Z is bromine, by displacing the bromine atom using e.g. 
potassium thioacetate. and then hydrolysing the product in a conventional 
manner compounds of formula (Vli) vt^erein Q bromin and Rg is 
hydrogen can be prepared by the method f Wlender et al. Tetrahedron 



PCT/EPM«SMS 



31 

Letters 1990. 31, 6605-6608; and the compound of fomnuia (Vtl) wherein 
Q IS bromine and Ra is methyt by the methods described in W.S. Saari et 
ai.. J. Med. Chem. 1984. 27. 713. 

Individual isomers of formula (la) at the point of attachment of the cyclic 
carbonate ring moiety may either be prepared from starting materials 
having the desired stereochemistry or by eptmerisation. resolution, 
fracdonai crystallisation or chromatography (e.g. HPLC separation) at an 
appropriate stage in the synthesis of the required compounds of formula 
(la) using conventional means. 

Thus, for example, it will be appreciated that synthesis employing a 
racemic mixture of compounds of formula (Vl) will afford compounds of 
fbnnuia (la) as a mbcture of diastereoisomers. which may then be 
separated. Altemativeiy. the indi^uai diastereoisomers may t>e 
prepared by employing compounds of formula (Vt) in enantiomericaiiy 
pure form. 

Similarly, compounds of formula (i) in which and R3 together represent 



— o R, 

c 

— 0 R, 



PCT/EP98/a3905 



32 



wherein Re and R7 are different, may exist in the R and S 
diastereoisomeric forms. Synthesis of such compounds may be 
stereospecific to yield individual diastereoisomeis. Thus, for example, the 
R-diastereoisomer of a compound of fbnnula (I) wherein Re represents H 
and R7 represents n^ropyt may be conven«ntiy pr^ared by 
transacetaiisation of the corresponding 16a,17a-isopropylidenedioxy 
derivative with butyraldehyde in the presence of an acid catalyst, such as 
perchloric acid, as described in EP0262108. The transacetaiisation 
reaction may be performed at an intemriediate stage or after introduction 
ofthe lactone group. 

Solvates (e.g. hydrates) of a compound of fomiula (I) may be fomned 
during wori(*up procedure of one of the aforementioned {vocess steps. 
Thus, the compounds of formula (1) may be isolated in association with 
solvent molecules by crystallisation from or evaporation of an appropriate 
solvent to give the correspoiKjing sohrartes. 



Methods of medical treatment 

As mentioned above, the compounds for use in the invention have utility 
in the treatment of a wide variety of diseases and conditions in human or 
veterinary medicine. The compounds for use in the invention have 
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particular utiitt/ as anti-inflammatory and anti-allefgic agents, espec^liy 
for the treatment of disorders of the respiratory and gastrointestinai tracts. 

Examples of disease states in which the compounds for use in the 
invention have utility include sMn diseases such as eczema, psoriasis, 
ailergte dermafa'tis, neurodermatitis, pruritis and hypersensitivity reactions; 
inflammatory conditions of the nose, throat or lungs such as asthma 
(inciuding aliergen-induced asthmatic reactions), rhinitis {including 
hayfever). nasal polyps, chronic obstructive pulmonary disease, interstitial 
lung disease, and fibrosis: auto-immune diseases such as rheumatoid 
arthritis; and inflammatory conditions of the gastrointestinal tract such as 
urticaria and inflamnniatory bowel conditions such as ulcerative colitis and 
Crohn's disease. Compounds for use in the invention may also have 
utility in the treatment of disorders of the eye. such as conjunctiva and 
conjunctivitis. 

it wilt be appreciated by those skilled in the art that reference herein to 
treatment extends to prophylaxis as well as ttie ti-eatment of established 
conditions. 

There is thus provided as a further aspect of tiie invention a compound as 
hereinbefore defined or a physiologically acceptable salt or solvate 
ttiereof for use in human or veterinary ttierapy, particularty topical or local 
therapy, more particulariy in the treatment of patients with inflammatory 
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and/or allergic conditions, especially with respiratory disorders or 
disorders of the gastrointestinal tract. 

According to another aspect of the invention, there is provided the use of 
a compound as hereinbefore defined or a physiologicaiiy acceptable salt 
or solvate thereof for the manufecture of a medicament for use in ttierapy . 
particularly topical or local therapy, particularly for the treatment of 
patients with inflammatory and/or allergic conditions, especially with 
respiratory disorders or disorders of the gastrointestinal tract. 

In a particularly preferred aspect there is provided a method of providing 
localised therapeutic effect at a target site within a human or animal body. 
By ta^et site it is meant the site at which the therapeutic effect is desired. 
Examples of suitable targets would include the lung, where therapeutic 
respiratory effect is desired, or the gastrointestinal tract, wrtiere 
therapeutic gastronintesfinai effiect is desired. The method comprises 
administenng a compound to the target site. The compound is generally 
administered in *'a therapeutically effective amount'*, that is to say an 
amount sufficient to alleviate the condition or disorder for which the 
compound is administered.The compound is hydrolysabie in human or 
animal blood to a compound with reduced therapeutic activity. 



Assay or screening method 
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According to a preferred aspect of the present invention there is provided 
an assay or screening method for identifying a compound capable of 
providing a therapeutic effect at a target site within a human or animal 
body with reduced systemic potency to said body. 

The method relies on a comparison of the susceptibility to hydrolysis of 
the compound in the presence of lactonase enzyme with that of the 
corresponding susceptibility in the absence of said lactonase enzyme. A 
compound is selected If it has enhanced susceptibility to hydrolysis in the 
presence of the lactonase enzyme. The susceptibility to hydrolysis is 
preferably compared by means of the 'enzymatic hydrolysis test method' 
defined herein. 

The lactonase enzyme is preferably human seaim paraoxonase or a 
recombinant fomi thereof, or purfied lactonase enzyme obtained from 
plasma. Preferred compounds have a half-life in the presence of 
lactonase enzyme of less than 1 hour, preferably less than 30 minutes, 
more preferably less than 10 minutes. 

Pharmaceutical preparations 

The compounds of the invention may be fbnnuiated for administration in 
any convenient way. and the inv ntion therefore also includes within its 
scop pharmaceutical compositions comprising a compound as 
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hereinbefore defined or a physioiogicaliy acceptable salt or solvate 
thereof in admixture with one or more physiologically acceptable diluents 
or carriers. 

Further, there is provided a process for the preparation of such 
phannaceuticai compositions which comprises mbcing the ingredients. 
The confounds of use in the invention nnay. for example, be formulated 
for oral, buccal, sublingual, local or rectal administration, espedaliy local 
administration. 

Local administration as used herein, includes administration by 
insufflation and inhalation. Examples of various types of preparation for 
local administration include ointments, lotions, creams, gels, foams, 
preparations for delivery by transdemial patches, powders, sprays, 
aerosols, capsules or cartridges for use in an inhaler or insufflator or 
drops (e*g. eye or nose drops), solutions/suspensions for nebulisation, 
suppositories, pessaries^ retention enemas and chewable or suckabie 
tablets or pellets (e.g. for the treatment of aphthous ulcers) or liposome or 
microencapsulation preparations. 

Ointments, creams and gels, may. for example, be formulated with an 
aqueous or oily base with the addition of suitable thickening and/or getling 
agent and/or solvents. Such bases may thus, for exempt . include wat r 
and/or an oil such as liquid paraffin or a vegetable oil such as arachis oil 
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or castor oil, or a solvent such as polyethylene giycoi. Thickening agents 
and gelling agents which may be used according to the nature of the 
base indude soft paraffin, aluminium stearate, cetostearyi alcohol, 
polyetiiylene glycols, wooKat beeswax, carboxypolymethyiene and 
cellulose derivatives, and/or glyceryl monostearate and/or non^onic 
emulsifying agents. 

Lotions may be fomnulated mth an aqueous or oily base and will in 
general also contain one or more emulsifying agents, stabilising agents, 
dispersing agents, suspending agents or thickening agents. 

Powders for external application may be formed with the aid of any 
suitable powder base» for example, talc, lactose or starch. Drops may be 
fomfiuiated with an aqueous or non-aqueous base also comprising one or 
more dispersing agents, solubtitsing agents, suspending agents or 
preservatives. 

Spray compositions may for example be fomiufated as aqueous solutions 
or suspensions or as aerosols delivered from pressurised packs, such as 
a metered dose inhaler, with the use of a suitable liquefied prbpeliant. 
Aerosol compositions suitable for inhalation can be either a suspension or 
a solution and generally contain a compound of the invention and a 
suitable propeiiant such as a fluorocarbon or hydrogen-containing 
chiorofluorocarbon or mixtures thereof, particularly hydrofluoroalkanes. 
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espedally 1.l,1,2-tetrafluoroethane. 1,1.1, 2,3.3, 3-heptafluoro-n-propane 
or a mixture thereof The aerosol composition may optionally contain 
additional formulation exdpients well icnown in ttie art such as surfactants 
e.g. oleic acid or iecrthin and cosohrents e.g. ettianol. 

According to a further aspect of the invention, there is provided a 
phamiaceutical aerosol formulation comprising a compound as 
hereinbefore defined or a physiologically acceptable salt or solvate 
thereof, and a fluorocarbon or hydrogen-containing chlorofluorocarbon as 
propellant. optionally in combination with a surfactant and/or a cosoivent 

Advantageously, the formulations of the invention may be buffered by the 
addition of suitable buffering agents. 

Capsules and cartridges for use in an inhaler or insufflator, of for example 
gelatine, may be formulated containing a powder mix for inhalation of a 
compound for use in the invention and a suitable powder base such as 
lactose or starch. Bach capsule or cartridge may generally contain 
between 20Mg-l0mg of the compound for use in the invention. 
Altematively, the compound for use in the invention may be presented 
witiiout exciptents such as lactose. 

The proportion of the active compound for use in the invention in the local 
compositions according to the invention depends on the precise type of 
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fonnuiation to be prepared but will generally be writhin the range of finom 
0.001 to 10% by wa^ht GeneraHy. howler for most tfpe^ of 
preparations advantageously the proportion used wiii be within the range 
of from 0.005 to 1% and preferably 0.01 to 0.5%. However, in powders 
for inhalation or insufflation the proportion used wHi be vwtiiin the range of 
from 0.1 to 5%. 

Aerosol formulations are preferably arranged so that each metered dose 
or "puff" of aerosol contains 20ng-2000ng. preferably about 20^g-500Mg 
of a compound for use in the invention. Administration may be once daily 
or several times daily, for example 2. 3, 4 or 8 times, giving for example 1 . 
2 or 3 doses eadi time. The overall daily dose with an aerosol will be 
within the range lOOftg-IOmg preferably. 200^g-2000Mg. The oveiaii 
daily dose amd the metered dose delivered by capsules and cartridges in 
an inhaler or insufRator will generally be double those with aerosol 
formulations. 

For internal administration the compounds according to the invention 
may, for example, be formulated in conventional manner for oral or rectal 
administration. Formulations for oral administration include syrups, 
elixirs, powders, granules, tablets and capsules which typically contain 
conventional excipients such as binding agents, fillers, lubricants, 
disintegiants. wetting agents, suspending agents, emulsifying agents, 
preservatives, buffer salts, flavouring, colouring and/or sweetening agents 



PCT/EP98m39aS 



40 

as appropriate. Dosage unit forms are, however, preferred as des^bed 
betow. 

Preferred forms of preparation for internal administration are dosage unit 
forms i.e. tablets and capsules. Such dosage unit forms contain from 
0.1mg to 20mg preferably from 2.5 to lOmg of the compounds for use in 
the invention. 

in general tenms preparations, for intemal administration may contain 
from 0.05 to 10% of the active ingredient dependent upon the type of 
preparation involved. The daily dose may vary from O.lmg to 60mg, e.g. 
5-30mg, dependent on the condition being treated, and the duration of 
treatment desired. 

Slow release or enteric coated fbmnuiations may be advantageous, 
particularly for the treatment of inflammatory bowel disorders and 
inflammatory disorders of the gastrointestinal tract. 
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The pharmaceutical compositions according to the invention may also be 
used in combination with another therapeutically active agent For 
example, when the compound of ttie invention is a steroid, this couid be 
used in combination with a ^ztirenoreceptOT agonist an antt-histamine 
or an anti-altergic, e^edaiiy a 02-adrenoreceptor agonist. The invention 
thus provides, in a further aspect, a combination comprising a compound 
of ttie invention or a physioiogicaliy acceptable salt or solvate thereof 
together witii another therapeutically active agent. 

The combination referred to above may convenienUy be presented for 
use in the form of a pharmaceutical formulation and thus phanrnaceutical 
formulations comprising a combination as defined above together with a 
pharmaceuttcaily acceptable diluent or carrier represent a further aspect 
of the invention. 

The individuai compounds of such combinations may be administered 
either sequential^ or simultaneously in separate or combined 
phamiaceutical formulations. Appropriate doses of known therapeutic 
agents will be readily appredated by those skilled in the art. 

The following Examples illustrate the invention but do not limit the 
invention in any way. 
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gXAMPLES 

A. Purification of Enzyme from human plasma 

The basic method steps used to isolate and purify lactonase enzyme from 
human plasma may be summarised as follows: 

* the blood is centrifuged and the plasma retained; 

- the plasma is passed through an affinity chromatography column such 
as a column of Cibracbn Blue matrix to remove albumin from the plasma* 
then through an ion exchange column containing an anion exchange 
matrix such as quaternary ammonium anion exchange matrix to separate 
and purify the plasma proteins; 

- the enzyme activity is recovered, predpitated using ammonium sulphate 
and then further purified using a hydrophobic interaction chromatography 
^iC) column, a Gel Pemieation Chromatography (GPC) matrix* and 
finally heparin/lectin affinity matrices. 

The following detailed purification procedure was employed for this 
example: 

Human biood (600ml) from several volunteers was pooled in heparinised 
tubes (250 units heparin/mi blood) and spun at 3501g using a l-leraeus 
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Labofuge 400R centrifuge at 4*C. Plasma (300mi) was decanted, pooled 
and stored at -2(yC until required. After thawing overnight at 4'>C. the 
plasma was diluted with 5 times its own volume of a loading buffer A (25 
mM HEPES. 6 mM caldum chloride. 5 mM dithiothreitol. pH 6.95) and 
centrifuged for 20 minutes in 20 ml aliquots to remove particulate matter. 
The diluted plasma was then ! ided onto a pseudo affinify 
chromatography column containing Cibracon Blue matnx, to selectively 
remove albumin Irmn the plasma. This column was coupled in series to 
an ion exchange column containing Q-Sepharose matrix (quaternary 
ammonium anion exchange matrix). The two columns were washed with 
toading buffer A until the UV absorbance (at 280nm) of the eluting 
solution readied baseline value. The Cibracon Blue column was 
removed and the Q-Sepharose column washed in turn with sodium 
chloride solution in loading buffer A. then sodium chloride solution to. 
ensure that the column did not contain further bound protein. Finally, the 
column was washed with 1.0M sodium chloride. Fractions containing the 
lactonase activity were pooled and sofid ammonium sulphate (up to 4.1 M) 
was slowly added to precipitate most of the soluble proteins. This was 
then recovered by oentrifi^ation at 3601g for 30 minutes at 20*C. The 
pellet fraction which contained lactonase activity was dissolved in 1.64 M 
ammonium sulphate buffer and then loaded onto a hydrophobic 
interaction chromatography (HIC) column. Lactonase activity appeared to 
bind to the matrix. The column was washed with an ammonium sulphate 
solution and then further washed with buffer until the UV absorbance 
reached baseline value. The pooled active fractions were diluted with 
buffer and loaded onto the next column, which contain d ceramic 
hydroxyiapatite (Biorad). The unbound fraction did not contain lactonase 
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activity. The column was washed with a potassium phosphate solution in 
a loading buffer. Protein eluting was found to contain ttie lactonase 
activity and tiiese fractions were tfierefore pooled and concentrated using 
ultrafiltration concentrator units (Amicon). All of the concentrated pooled 
active fraction was loaded onto a col. Tin containing a Gel Permeaton 
Chromatography matrix. Superdex 200 (Pharmacia). The eluted fractions 
containing the lactonase activity were pooled and stored at -20°C. The 
pooled active fraction was concentrated to <0.5ml using ultrafiltration 
concentrator units (Amicon). All of the concentrated pooled active 
fraction was loaded onto the final chromatographic step which used two 
columns in series. The first was a column containing heparin af^rty 
matrix and the second column contained wheat gemn lectin affinity matrix. 

Lactonase a^vity was observed in the void volume, shovwng ttiat it does 
not bind to heparin or wheat genn lectin under the conditions described. 



B. Biochemical characterisation of the purified enzyme 

The enzyme activity purified according to A. above was tested with 
dassicai inhil>itors in order to establish to which enzyme family it belongs. 
Also, it was investigated whether a divalent cation was required as a co- 
factor, as disclosed in W.N. Fishbein et al. Journal of Biological 
Chemistry 1966. 241(21). 4835-4841. 
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The "lactonase" activity investigated was not inhibited by 
phenyimethylsuiphonyl fluoride (PMSF) (lOmM) or eserine (SOniM), 
slightly inhibited by /9-chloFomercuribenzoate (PCMB) (ImM) and totally 
inh&ited by zinc sulphate (1mM). ED'^A (ImM) and EGTA (ImM). The 
adlNnty in ttie presence of EDTA a J EGTA is fully restored if CaC|2 
(lOOmM) is added. Hiis activity is "^ot restored with MgCl2 (lOOmM). 
These data appear to suggest that "iactonase": (t) may differ from known 
"classicar* aryl esterases in its insensitivity to PCMB; (ii) may not be a 
carboxyl esterase*due to its lade of sensitivity to PMSF; and (iii) is unlikely 
to t>e a chotinesterase since it was not inhibited by eserine. The calcium 
dependence data suggest that the "iactonase" enzyme is likely to be 
related to that reported by W.N. Fishbein et al. Journal of Biologiced 
Chemistry 1966. 241(21). 4835H(841. 



The moieciriar weight of the "tacttmase" activity was investigated usmg an 
SOS-PAGE gel electrophoresis tedinique. One of the \nsib\e bands was 
kientified as human serum paraoxonase. as discussed in WO 96/01322. 
This known enzyme has a molecutar weight of about 40 kda. 



C. Compounds 



Gen ral 
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Melting points were determined on a Kofler block and are uncorrected. 
iH-nmr spectra were recorded at 250 or 400 MHz and the chemical shifts 
are ejq)ressed in ppm relative to tetramethyisilane. The following 
abbreviations are used to describe the multiplicities of the signals: s 
(singlet), d (doublet), t (triplet), q (qu • let), m (multiplet). dd (doublet of 
doublets), dt (doublet of triplets) :vnd b (broad). MS(TSPi-ve) and 
MS(ES-»-ve) refer to mass spectra run in positive mode using themiospray 
or electrospray tediniques respectively. HRMS (ES-«-ve) refers to high 
resolution electrospray mass spectrum mn in positive mode. TLC (^in 
layer chromatography) was performed on Merck Kieseig^ 60 F254 plates 
and column chromatography was performed on Merck Kieseigei 60 (Art. 
7734 or 9385). PLC (preparative layer chromatography) was performed 
on Whatman silica plates. Preparative HPLC (high performance liquid 
chromatography) was performed on a Gilson Medical Electronics system 
using the stationary phase indicated in the example. OMF is used as an 
abbreviation for anhydrous M^imethyiformamide. Organic solutions 
were dried over anhydrous magnesium suffiate. 

Wh^ mixtures of isomers resulting from the asymmetric centre in the 
lactone group have been prepared, these isomers may be separated by 
conventional chromatography on silica and assigned as isomers A and B 
respectively in order of elution from the column. 

The starting materials and intemnediat s indicated may b prepared 
either by methods already known in the art. by the processes described in 
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the iitarature references given, or according to the description given 
heieinafter. 



Example 1 

ecSa'Difluoro-l 1B-hvdroxV'16a-meth "-T-sptfOfandrosta-l .4-diene- 
17.S'-f1.31oxathiolane1-2'.3.4'-trione 

l.l'-Carbonyi-diimklazole (1 g. 6.17 mmoO was added in one portion to a 
stnrred solution of 6a,9a-<iifluoro-11p.17a-dihydroxy-16a-mettiyi-3-oxo- 
androsta-1,4-diene-17p-carbothioic acid (1.2 g, 2.91 mmol) In dry DMF 
(15 ml). I6a,9a-Difluoro-1ip,17a-dihydroxy-16a-methyl-3-oxo-andfOSta- 
1.4-diene-17p-cart>othtoic acid is a ioiown material which may be 
prepared for example according to the method descrilsed in GB^- 
2088877.] The mixture was stirred under nitrogen for 24 h at room 
temperature. The solution was partitioned bebA/een water (100 mO and 
ethyl acetate (100 ml). The organic phase was separated, washed with 
water (3 x 100 mi), dried and evaporated to a foam. The crude product 
was triturated in ethyl acetate (10 ml). The white solid was collected by 
filtration, washed with ethyl acetate (2x5 ml) and dried in vacuo to give 
the title compound (684 mg, 54%). The ethyl acetate filtrate was 
concentrated and chromatogn^phed on silica gel. eluting with diethyl ettter 
to give an addltional annount of the title compound (275 mg. 22%): MS 
(TSP-t-ve) m/i 439 (MH]^; NMR 5 (DMSO-d^ includes 724 (1H. d. J 10 
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Hz), 6.29 (1H, dd. J 10 and 2 Hz). 6.21 (1H. s). 5.72 and 5.54 (1H. 2m). 
5.69 (1H. d. J4 Hz), 4.2 (1H. m). 3.03 (IH. m). 1.50 (3H. s). 1.2 (3H, s), 
0.96 (3H. d, J 7 Hz). (Found: C. 60.11; H, 5.45; S. 7.01. C22H24F2O5S 
requires C. 60.26; H, 5.52; S. 7.31%). 



Example 2 

6a.9a-Oifluoro-1iP-hydroxy-16a-methyt-3-oxo>17a-propionvioxy- 
androsta-1.4-diene-17g-caffaothioic acid S-(2-oxo-tetfahydro-fufan-3- 
vtmethyt) ester 

Powdered anhydrous potassium carbonate (69 mg, 0.5 mmoi) was added 
to a stirred solution of 6a.9a-difluoro-1 10-hydroxy-16a-methyl*3-oxo-17a- 
propionyioxy-4ndrosta-1.4-diene-17p-carbothtofc acid (234 mg. 0.5 mmoi) 
in dfy DMF (2.5 ml). l6a.9a-Difluoro-11p-hydroxy-16a-methyl-3-oxo-17a- 
propionyloxy-androsta'1.4-dlene-17p-cart>ottiioic acid is a known material 
which may be prepared for example accorcfing to the method described in 
GB-A-2088877.'J The mixture was stirred under nitrogen for 1 h and then 
treated with a«methylene-y-butyrolactone (0.1 ml, 1.14 mmoi) and the 
mixture was stirred for 20 h at room temperature. The solution was 
partitioned between water (25 mi) and ethyl acetate (25 ml). The organic 
phase was separated, washed with 2M HCI (20 mi), brine (2 x 25 ml), 
dried and evaporated to a solid. The crude product was purified by 
column chromatography on silica gel. and by preparative thin layer 
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Chromatography eluting with diethyl ether to give a mixture of the two 
dtastereoisomers (37 mg) which were separated by HPLC (chiracei. 25 
cm X 2 cm) etuting with 30% isopropanoi-heptane at 6 mlAnin and 
detecting at 240 nm to give the title compound isomer A (9 mg. 3%) MS 
(TSP+ve) m/z 567 [MH]*: NMR 5 (COCIa) includes 7.15 (1H. d. J 10 Hz). 
6.43 (1H. s). 6.38 (1H, d. J 10 Hz). 5.49 and 5.3 (1H. 2m). 4.4 (1H. m). 
4.38 (1H. dt. J 7 and 2 Hz), 4.2 (1H. dt, J 10 and 7 Hz). 3.49 {1H. dd. J 14 
and 5 Hz). 3.4 (1H. m), 3.10 (1H. dd, J 14 and 7.5 Hz). 2.95 (1H. m), 2.36 
(2H. J 7.5 Hz), 1.53 (3H. s). 1.12 (3H. t. J 7.5 Hz). 1.05 (3H. 8). 0.98 
{3H. d. J 7 Hz), and the title compound isomer B (7 mg. 2%): MS 
(TSP+ve) m/z 567 {MHr; NiyiR 8 (CDCI3) includes 7.15 (IN. d. J 10 Hz). 
6.43 (1H. s). 6.39 (1H. d. J 10 Hz). 5.49 and 5.29 {1H. 2m). 4.4 (2H. dt. J 
10 and 2 Hz). 4.20 (2H, dt J 10 and 6 Hz). 3.40 (1H. dd. J 14 and 5 Hz). 
3.3 (1H. iti), 3.14 (1H, dd, J 14 and 8 Hz), 2.91 (1H, m). 2.35 (2H, q, J 7.5 
Hz). 1,53 (3H, 8), 1.12 (3H. t. J 7.6 Hz). 1.08 (3H. s), 1.01 (3H. d. J7 Hz). 



Example 3 



Intermediate (I): f2-Oxo-tetrahvdrO'furan-4-vlsulfanyl)-acetic add 



Bromoacetic acid (588 mg. 4.33 mmol) was added to a stirred solution of 
P-mercapto-y-l)utyr(toctone (500 mg, 4.23 mmol) and triethytamine (0.59 
ml. 4.23 mmol) in anhydrous tetrahydrofuran (10 ml) at 0*C under 



t 
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nitrogen atmosphere. CM^^capto^utyroiactone is a iaiown material 
which may be prepared for example according to the method described 
by G. Fuchs. Ark. Keml. 1968. 29, 379.] The reaction mixture was stirred 
for 15 minutes at 0°C and for 17 h at room temperature. Water (20 ml) 
and ethyl acetate (20 ml) were added and the organic phase was 
separated, washed with saturated brine and dried over anhydrous 
magnesium sulfate. Removal of the solvent under reduced pressure gave 
the title compound (437 mg. 59%): MS (TSP+ve) 194 (M+NH4)*; 
HMR 5 (CDCI3) includes 8.3-7.9 (1H. br). 4.65 (1H. dd. J 9.5 and 7 Hz). 
4.21 (1H. dd. J 9.5 and 6 Hz). 3.88 (1H, m). 3.35 (2H. AB q. J 16 Hz). 
2.98 (IN. dd. J 18 and 8 Hz). 2.56 (1H. dd. J 18 and 7 Hz). 

Intennediate (ii): (2-Oxo>tetrahydro-furan-4-ylsulfanyO-acetyi chloride 

Oxaiyi chloride (0.316 ml. 3.62 mmol) was added dropwise to a stirred 
solution of (2-oxo-tetrahydro*furan-4-ylsulfanyi)-acetic add (424 mg, 2.41 
mmol) in anhydrous dichioromethane (5 ml) containing OMF (1 drop) 
under a. nitrogen atmosphere. After 4 h the solvent was removed to give 
the title compound (434 mg. 93%): MS (TSP+ve) m/i 195 (M-<-H)^: NMR 5 
(CDCIa) includes 4.63 (1H. dd. J 10 and 7 Hz). 4.19 (IN. dd. J 10 and 6 
Hz). 3.81 (3H. m). 2.98 (1H. dd J 18 and 8 Hz). 2.52 (IH. dd. J 18 and 6.5 
Hz). 



ifVO 99/01467 



I»Cr/EP9«AB90S 



51 

6a.9tt-Oifluoro-110-hvdroxy-16a-methyi-3-oxo-17a-(2-oxo-tetrahvdro- 
fttfan-4-ytouWianvl-acetoxv)-^ndfosta-1.4-di8ne-17g-<atfbothiofc add 
methyl ester . 

A solution of (2-oxo-tetrahydro-furan-4-yl8ulfanyi)-acetyl chloride (354 mg. 
1.82 mmoi) in anhydrous dichloromethane (4 ml) was added, dropwise 
over 4 minutes to a stirred solution of 6a,9a-difluoro-1ip.17a-dlhydroxy- 
16a-methyl-3-oxo-androsta-1.4-diene-17p-carbothioic acid (300 mg. 0.73 
mmol) {see Example 1] and triethylamine (0.254 ml, 1.82 mmol) in 
anhydrous dichloromethane (15 ml) at rocxn temperature under a nifrogen 
atmosphere. The resulting s(Mution was stirred for 1.5 h and then 
dtethylamine (0.188 ml, 1.82 mmol) was added. After 1.5 h triethylamine 
(0.142mi, 1.02 mmoi) was added followed by iodomethane (0.054 mi, 
0.874 mmol) and the reaction mixture was stirred for a further 45 minutes. 
The reaction mixture was poured into water (30 ml) and extracted with 
dichloromethane (30 ml x 2). The combined organic extracts were, 
washed writh saturated brine (40 ml) and dried over anhydrous 
magnesium sulfiate. Removal of the solvent under reduced pressure 
yielded a light brown foam which was chromatographed on silica gel 
using dichioromethane-ethyl acetate (3:1) as eluent Removal of the 
solvent from the required fractions gave the title compound (317 mg. 
72%): MS (ES+ve) m/z 585 (M+H)*; IP (KBr) 1780, 1742. 1686. 
1666 cm-': NMR 5 (CDCy includes 7.12 (1H, d. J 10 Hz). 6.43 (1H. s). 
6.38 (1H. d, J 10 Hz). 5.49 and 5.29 (1H. 2 m), 4.58 (1H. dd, J 9.5 and 7 
Hz). 4.41 (1H. m). 4.16 (1H, m). 3.79 (1H. m). 3.39 (1H. m). 3.31 (2H. m). 
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2.91 (IH, dd J 18 and 8 Hz). 2.37 (3H. s). 1.52 (3H. s). 1.09 (3H. s). 1.05 
(3H, d. J 7 Hz). (Found: C. 56.48: H. 5.83; S. 
IO.86.C28H34F2O7S2.O.15CH2CI2 requires C. 56.59; H, 5.79; S, 10.73%). 



Example 4 

tntennediate: 16tt.17a-(2«Bromoethylidenedioxy)-6a.9a-d{fluoio-1 1B.21- 
dihvdroxyrPfeqn-4-en6-3^0-dione 
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Perdiloric add (70%, 1.62 ntf, 18.8 mmol) was added to a stirred mixture 
of 21-acetyi-6a.9a-difluoro-1 1p.21-dihydroxy-16a,17a* 

isopropylidenedioxy-pregn-4-ene-3,20-dione (2.33 g, 4.69 mmoi), 
bromoacetatdehyde dimethylacetai (1.11 mi. 9.38 mmol) and sand (46.6 
9) in heptane (58 ml) at room temperature. ( 21<Acetyl<6a.9a-difluoro- 
11i).21-dthydroxy-16a,17a-isopropytidenedioxy-pregn-4-ene-3.2(>-dione 
is a known material which may be prepared for example according to the 
method described in U.S. Patents Nos. 4524134. 4684610. 4704358 and 
4749649 in the name of Upjohn.] After stirring for17 h the heptane was 
removed by filtration and a further portion of heptane (60 mi) was added 
to tt)e sand which was stirred for 5 minutes and then filtered. Ethyl 
acetate was added to the sand and the mixture stined for 5 minutes and 
then filtered. This process was repeated three times using ethyl acetate 
(3 X 60 mi). The combined ethyl acetate filtrates were concentrated tiien 
passed through a silica gel plug eluting with ethyl acetate. The solvent 
was removed under reduced pressure and ethyl acetate (60 ml) and 
saturated sodium bicarbonate (60 ml) were added. The organic phase 
was separated, washed with water (60 ml) and saturated brine (60 mi) 
and dried over anhydrous magnesium sulfate. Removal of the solvent 
under reduced pressure yielded a brown foam which was 
^romatographed on silica gel using diethyl eflier-ethanol (30:1) as 
elt^nt Removal of the solvent from the required fractions gave the title 
compound (480 mg. 20%): MS (ES+ve) 519 (M+H)*: NMR 5 (COCI3) 
includes 6.14 (1H. s). 5.48 (1H. t. J 3Hz). 5.36 (1.5H. m). 5.18 (0.5H. m). 
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4.88 <1H. d. J 20 Hz). 4.41 (1H. m). 4.22 (1H. d. J 20 Hz). 3.35 (2H. m). 
1.51 (3H. 8). 0.93 (3H. 8). 



6a.9a-Difluoro-11p.21-dihydroxv-16a.17a-f2-(2-oxo-tetrahvdro-fufaiv3- 
yl)sulfanyt|ethylidenedioxy-pregn-4-ene-3.20-dtone 

Triethylamine (0.315 ml, 2.26 mmol) was added to a stirred solution of 
1 6a. 1 7a-(2-bromoettiyiidene)dioxy-6a.9a-difiuoro-1 1 p.2 1 -dihydroxy> 
pr^n-4-ene-3.20-d(one (470 mg. 0.905 mmol) and a-mercapto-y- 
butyroiactone (267 mg. 2.26 mmoO in anhydrous OMF (3 ml) at room 
temperature under a nitrogen atmosphere. [a-Mercapto^utyrolactone is 
a l(nown material which may be prepared for example according to the 
method described by G. Fuchs. Ark. Kemi. 1968. 29, 379.] After stirring 
for 42 h ethyl acetate (30 ml) and water (30 mi) were added and the 
organic phase was separated, washed with saturated brine (30 ml) and 
dried over anhydrous magnesium sulfate. Remove of the solvent under 
reduced pressure yielded a brown oil which was chromatographed on 
silira gel using dichlcromethane-ethyi acetate (1:1) as eluent. Removal of 
the solvent from the required firactions gave the title compound (185 mg, 
37%): MS (ES+ve) m/i 557 (M+H)*; NMR 5 (CDCIa) Includes 6.14 (1H. s). 
5.57 (0.5H, t. J 3 Hz). 5.51 (0.5H, dd. J 5 and 3 Hz). 5.41-5.28 (1.5H. m). 
5.18 (0.5H. m). 4.92-4.71 (1H. m). 4.47-4.16 (4H. m). 3.64 (1H. dd. J8.5 
and 4.5). 3.28 (0.5H. dd. J 14.5 and 2.5). 3.1-2.76 (2.5H. m). 1.52 (3H. s). 
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0.94 (3H. s). (Found: C. 56.93; H. 6.02; S, 5.35. C2,H34F2OaS.0.2CH,Cl2 
requires C. 56.96: H. 6.04; S, 5.59%). 

Example 5 

Intermediate (i): 21-Acetoxy-9a-fluoro-113-hydroxv-3.20-dioxo-pregna- 
1.4'diene-16a-matonic acid dialM ester 

A solution of 21-acetoxy-9a-fluoro-11|J-hydroxy-pregna-1.4.16-triene- 
3,20-dione (12.14 g. 30.16 mmol) in OMF (260 ml) was treated with diailyl 
maionate (6.8 g, 36.92 mmol) and 06U (5.11 g, 33.57 mmol). [21- 
Acetoxy-9a-fluoro-1ip-hydroxy-pregna-1,4,16-tr)ene-3.20^ione is a 
loiown material which may be prepared for ^cample accoiding to the 
method descrftied by U. Ramesh, Tetrahedron Letters 1996. 37. 8403.] 
The reacfion mixture was stirred for 1 1 days at room temperature, and 
then the solvent was removed und«' reduced pressure. The residue was 
dissolved in dichioromethane and washed with 1M HCI. The organic 
phase was separated, dried over magnesium sulfate and evaporated. 
The residue was chromatographed on silica gel, eluting with methanoi- 
chlorofoim (3:97) to give the title ccmipound (16.43 g, 93%) as a wrhite 
solid: MS (FAB-i-ve) m/z 587 {MH^: NMR 5 (CDCI3} includes 7.25 (1H, d. 
J 10 Hz). ). 6.33 (1H. dd. J 10 and I S Hz). 6.11 (1H. s). 5.86 (2H. m). 
5.27 (4H. m). 4.78 (1H. d. J 17 Hz). 4.60 (1H. d. J 6 Hz). 4.63 (1H. d. J 6 
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Hz). 4.43 (1H. d. J 17 Hz), 4.33 (1H. m). 3.33 (1H. m). 2.15 (3H. s). 1.55 
(3H. s). 0.98 (3H, s). 

Intermediate fii): 21-Acetoxy-9a-fluoro-11B-hvclroxy-3.20-dioxo-pregna- 
1 .4-diene'16a-acetic acid 



1 
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A mixture of 21<«ceto)(y-16a-diaU^ma{onyf-ea>fluofO-11p-liydroxy-pr^n^ 
diene-3,2a<iione (9.75 g. 16.6 mmol). paiiadtum (10 acetate (74.6 mg. 0.33 
mmoO. triphenylphosphine (349 mg, 1.33 mmol). fomiic add (1.91 g. 41.5-mmol) 
and triethytamine (5.55 g. 54.8 mmol) in dioxane (530 ml) was heated to reflux 
5 for 20 min. The reaction mixture was then concentrated under reduced 
pressure to a volume of approximately 250 mi and diluted with drchloromethane. 
The mixture was then addified writh 0.1 M HCI, ttie organic phase was separated, 
dried over magnesium sulfete and evaporated. The residue was 
chromatographed on silica gel. eluting with methanof-chloroform (3:47) to give 
10 the title compound (4.02 g, 52%) as a wh'ite solid: MS (FAB-ve) m/z 461 {M-HJ-; 
NMR 5 (CDCI3) indudes 7.25 (1H. d. J 10 Hz). 6.23 (1H. dd. J 10 and 1 Hz). 
6.01 (1H, s). 5.42 (1H. br), 4.71 (1H. d, J 17 Hz). 4.58 (1H. d. J 17 Hz). 4.13 (1H. 
m). 2.16 (3H. s). 1.55 (3H. s). 0.98 (3H. s). 

15 Intennediate fifi): 21-Acetoxy-9a-fluoro-11S.17a'dihydroxy-3.20-dioxo-pregna- 
1.4-diene'16a-acetic acid ylactone 

A solution of 21-acetoxy-9a-fiuoro-1ip-hydR>xy-3.20-dioxo-pregna-1.4-diene- 
16a-acetic add (6.03 g. 13.04 mmol) in OMF (250 mi) was treated with CuO204 

20 (1 g, 33mol%). silica gel (500 mg). cetite (500 mg) and acetic add (25 drops). 
Hie reaction mixture was stirred vigorously and refiuxed for a total of 5 h vMth 
• additional quantities of CuCrjO* (1 g), silica gel (500 mg). celite (500 mg) and 
acetic add (25 drops) added at hourly inten^ais. The reaction mixture was then 
cooled to room temperature and the solvent rentoved under reduced pressure. 

25 The residue was chromatographed on silica gel. eluting with ethyl acetate- 
hexane (3:2) to give the title compound (2.55 g. 42%) as a white solid: MS 
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(FAB+ve) mfz 461 (MHl*: NMR 5 (COCI3) includes 7.24 (1H. d. J 10 Hz). 6.33 
(1H, dd. J 10 and 2 Hz). 6.12 {1H, s). 4.88 (1H, d. J 18 Hz). 4.76 (1H. d. J 18 
Hz). 4.41 (1H. m). 3.45 (1H. t. J 8 Hz). 2.75 (1H. dd. J 10 and 18 Hz). 2.63 (1H. 
m). 2.16 (3H. s). 1.55 (3H. s). 1.03 (3H. s). 



9a-Fluoro-11B.17a.21-trilTvdroxv-3.20-dioxo-PfBgna-1.4-diene-16a-acetic acid f 
lactone 

A suspension of 21-acetoxy-11jJ.17a-dihydroxy-9a-fluoro-3,20-dioxoH3regna- 
1.4-diene-16a-acetic acid y-lactone (227 mg, 0.49 mmol) In DMSO (11 ml) and 
pH 7.2 phosphate buffer (95 ml) was treated with Tween 80 (30 drops) followed 
by esterase (EC 3.1.1.1; 14.5 n^/ml, 2.2 ml) at 37<*C. The reaction mixture was 
stirred Mgorously for 20 min and then cooled to O^C and diluted with ethyl 
acetate. The aqueous phase was extracted several times with ethyl acetate, the 
combined ethyl acetate extracts were washed with brine, dried (MgS04) and the 
soh/'ent evaporated. The residue was chromatographed on silica gel. eluttng 
with ethyl acetate^exane (4:1-^9:1) to give the title compound (342.7 mg. 64%) 
as a white solid: MS (FAB-i-ve) /n^ 419 [MH]^ NMR h (COCI3) includes 7.17 
(1H. d. J 10 Hz). 6.33 (1H. dd, 4 10 and 2 Hz). 6.12 (1H. s). 4.58 (1H. d. J 20 
Hz). 4.40 (1H. m), 4.28 (1H. d. J 20 Hz). 3.52 (1H. t. J 9 Hz). 2.77 (1H. dd. J 16 
and 9 Hz). 2.65 (1H. m). 1.56 (3H. s). 1.01 (3H. s). 



\lt(0 99/01^7 



PCr/EPMM39Q5 



59 

Examples 

Intermediate (i): 3>(3->odopropytsulfanyD-dihydro-2(3H)-furanone 

5 a-Mercapto-r-butyroiactone (772 mg, 6.53 mmoi) was added to a strrred solution 
of 1.3-dHodopropane (1.12 ml. 9.75 mmol) and triethylamine (0.906 ml. 6.6 
mmol) in anhydrous dichloromethane (6 ml) at 0°C under a nitrogen 
atmosphere. {a-Mercapto-ybutyroiactone is a Known material wh^ may be 
prepared for example accordli^ to ttie method described by Q. Fuchs, Ark. 

10 Kemi. 1968. 29. 379.] The reaction mi)dure was stnred for 30 minutes at O^C 
and for 6 h at room temperature. The crude reaction mixture was adsorbed on 
\ silica gel and chromatographed, eluting wttti cydohexane^thyl acetate (3:1). 
Removal of the solvent from the required flections under reduced pressure gave 
the title compound (920 mg. 49%): MS (TSPi-ve) m/^ 304 (M'i-NH4)t; NMR 5 

15 (CDCI3) includes 4.50-4.30 (2H. m), 3.51 (1H, dd. J 8 and 4 Hz), 3.30 (2H. t, ^ 6 
Hz). 3.03-2.6 (3H. m), 2.22-2.04 (3H. m). 



343-f2-f4-Amlno-3.S-dichlorophenvl)-2-hvdroxvethvlaminotoropylsulfanyl1- 
20 dihvdro-ftiran-2-one trifluoroacetate 

Diisopn^yiethylamine (0.228 ml. 1.3 mmoi) was added to a stirred solution of 2- 
amino-1-(4-amino-3,5-dichloro-phenyl)ethanol (504 mg. 2.28 mmoO in 
anhydrous DMF (4 ml), followed by a solution of 3-(3-iodopropyisulfanyl)- 
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dihydro-2(3/^furanone (340 mg, 1.19 mmol) in DMF (1 mi) at 20«C under a 
nitrogen atmosphere. (2-^ino-1-(4-amino-3.5-didiioro-phenyi)ethanoi is a 
known material wtiich may be prepared for example according to the method 
descnbed by J. Keck, Arzneim. Forsch. 1972. 22. 861 .J The reaction mixture 
5 was stirred for 20 h at room temperature and then the solvent was removed 
under reduced pressure. The crude reaction mixture was chromatogreqahed on 
silica gel, eluting with methanol:chiorofomi:triethylamine (4:40:1). Removal of 
the solvent firom the required fractions under reduced pressure gave an oil (408 
mg) part of which was further purified by preparative HPLC (Spherisorb OOS-2. 
10 25 X 2 cm) eluting \^ a gradient of acetonitrile^}.05% aqueous TFA at 15 
ml/min collecting fractions with retentton time of 10.4 min to give the title 

compound (103 mg. 17%): MS (TSP+ve) mfi 378 (M+H)+; NMR 5 (COCIa) 
includes 7.29 (2H. s). 4.46-4.28 (2H. m), 3.73 (1H. dd. J 9 and 6 Hz). 3.36-3.05 
(4H. m). 3.0-2.62 (3H. m) and 2.2-2.0 (3H, m). 

t 

Example 7 

6a.9a-Dtfluoro-1 1p-hydroxy-16a-methyl-3-oxo-17a-pfoptonytoxv- androsta-1.4- 
diene-176-carfaothioic acki S-{2-oxo-1.3-dioxolan-4-v» ester 

A solution of 6a,9o-daiuoro-11p-hydroxy-16a-methyl-3-oxo-17a-propionyk>xy-3- 
oxo-androsta-1.4<(iene-17p-carbbthioic ackl (5 g. 10.67 mmoi) in DMF (50 ntf) 
was treated with potassium carbonate (1.5 g. 10.85 mmol) and tfie resulting 
mixture was stirred under nitrogen for 1 h. After cooling in an k»-t>ath. 
chtoroethylene carbonate (1.25 ml. 13.81 mmoi) was added. The reaction 
mixture was stirred at room temp rature for 20 h after which water (500 mi) and 
ethyl acetate (500 ml) were added. The organic phase was separated and 
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washed with brine (150 mO. dried and evapoiated to a foam. This was purified 
by column chromatography on silica gel. eiuting witft diethyl ether-cydohexane 
(3:1) to give the title compound isomer A (878 mg. 15%); mp. 155-167 «C; MS 
(TSP*ve) 555 [MHf ; HRMS (ES+ve) found: 555.1873 [MH]*, C27H33F2O8S 
requires 555.1864; IR v^ax (KBr) 3351. 1820. 1741. 1670. 1635 cm-^; NMR 5 
(CDCi3) includes 7.13 (IH. d, J 10 Hz). 6.44 (1H, s). 6.43-6.35 (2H. m), 5.49 
and 5.30 (IH, 2m), 4.87 (IH. dd. J 9 and 8 Hz). 4.48 (IH. dd. J 9 and 5 Hz). 
4.43 (IH. m). 3.36 (IH, m). 2.40 (2H. q. J 7 Hz). 1.54 (3H. s). 1.14 (3H, UJ7 
Hz). 1.11 (3H. s). 0.97 (3H. d, J 7 Hz); and the title compound isomer B (840 
mg. 14%); mp. 234-236 "C; MS (TSP+ve) 555 [MHJ*; HRMS (ES+ve) found: 
555.1851 CMHf , C27H33F2O8S requires 555.1864; IR v^ax (KBr) 3336. 1823. 
1747. 1668. 1633 on"''; NMR 6 (CDCI3) includes 7.15 (1H. d. J 10 Hz). 6.44 
(IH. s). 6-39 (IH. dd. J 10 and 2 Hz). 6.31 (IH, dd. 7 8 and 5 Hz). 5.50 and 5.30 
(IH. 2m). 4.86 (1H. dd, J 10 and 8 Hz). 4.53 (IH. dd. J 10 and 5 Hz). 4.42 (IH. 
m). 3.22 (IH. m). 2.38 (2H. q. J 7 Hz). 1.53 (3H, s). 1.16 (3H. s). 1.13 (3H. t. J 7 
Hz), 1.02 (3H. d. J 7 Hz); (Found: C. 58.10; H. 5.91; S, 5.55. C27H32F2O8S 
requires C. 58.47; H, 5.82; S, 5.77 %). 



Example 8 

6a.9a-Dtfluoro-110-hydroxv-16a.17a-isopropvlidenedioxy-3-oxo-androsta-1.4- 
diene-17B-carfaothioic add S-(2-oxo-1.3-dioxoian-4'y{) ester 

A solution of 6a,9a-difluoro-11^-hydroxy-16a,17a-isopropyiidenedioxy-3-oxo- 
androsta-1.4-diene-17p-carbothiotcacid (200 mg, 0.44 mmol) in OMF (5 ml) was 
treated with potassium carbonate (61 mg. 0.44 mmol) and the resulting mixture 
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was stirred under nitrogen for 0.5 h. After cooling in an ice-t)ath, chioroethylene 
carbonate (0.043 nnl. 0.53 mmoi) was added. The reacUon mixture was stirred at 
room temperature for 2 h after wtiich water (15 mi) and ethyl acetate (15 nU) 
were added. The organic phase was separated and washed with brine (15 mi), 
dried and evaqsorated to a solid. This was purified by column chromatography on 
silica gel. eiuting with ethyl acetate-cydohexane (1:1) to give the title compound 
isomer A (27 mg. 11%); mp. 247-250 "C; MS (TSP+ve) 541 [MHf ; IR v^gx 
(KBr) 3350. 1822. 1682. 1666. 1621 cm'"': NMR 8 (COCI3) includes 7.13 (1H. d. 
J 10 Hz). 6.45 (2H. m). 6.39 (1H, dd. J 10 and 2 Hz). 5.49 and 5.30 (1H. 2m). 
4.99 (1H, d. J 5 Hz). 4.88 (1H. dd. J 9 and 8 Hz), 4.42 (2H, m). 3.50 (1H. br s). 
1.54 (3H. s). 1.46 (3H. s). 1.24 (3H. s). 1.00 (3H. s). and the title compound 
Isomer B (42 mg. 18%) mp. 254-257 MS (TSP+ve) 541 [MH1+: IR v^ax 
(KBr) 3340. 1821. 1693. 1666. 1623 cm'^: NMR 5 (DMSO-d^) includes 7.27 
(1H. d. J 10 Hz). 6.40 (1H. dd. J9 and 5 Hz). 6.32 (1H. d. J 10 Hz). 6.12 (1H, s). 
5.75 and 5.55 (1H. 2m). 5.58 (1H, d. J A Hz),.4.93 (2H. m). 4.52 (1H. dd. J 9 and 
6 Hz). 4.20 (1H. m). 1.50 (3H. s). 1.47 (3H. s). 1.21 (3H. s). 0.90 (3H. s); (Found: 
C. 57.5; H. 5.6; S, 5.8. C26H30P2O8S requires C. 57.8; H. 5.6; S. 5.9 %). 

Example 9 

6a,9a-Difluoro-1 1 p-hydroxy-l 6a-methyl-3-oxo-1 7a-propionyloxy-androsta-1 ,4- 
diene-17&-carboxync acid 0-(2-oxo-1.3-dioxolan-4-yl) ester 

A solution of 6a,9a-difluoro-1 ip-hydroxy-16a-methyl-3-oxo-17a-propionytoxy-3- 
oxo-androsta-1.4-diene-17p-carboxylic acid (249 mg. 0.55 mmol) in DMF (5 ml) 
was treated with p tassium carbonate (38 mg. 0.28 mmol) and the resulting 
mixtur vwas stirred und r nitrogen for 2 h. Aft r cooling in an ice-l>ath. sodium 
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iodide (20 mg. 0.13 mmoi). was added followed by chloroethylene carbonate 
(0.456 mi. 5.52 mmoO- The reaction mixture was stirred at room temperature for 
20 h after which water (10 ml) and ethyl acetate (10 ml) were added. The 
organic phase was separated and washed with brine (10 ml), dried and 
5 evaporated to a foam. This was purified by column chromatography on slfica gel, . 
duting with chlorofonm^thanoi (15:1) to give the title compound isomer A (23 
mg. 8%); mp. 251-253 MS (TSP+ve) 539 [MHJ+; HRMS (ES+ve) found: 
539.2068 [MH]*^, C27H33F2O9 requires 539.2093; NMR 5 (COCI3) includes 
7.09 (1H. dd. J 10 and 1 Hz). 6.77 (1H. dd. J7 and 2 Hz). 6.44 (1H. s), 6.38 (1H. 

10 dd. J 10 and 2 Hz). 5.48 and 5.28 (1H. 2m), 4.61 (1H. dd. J 10 and 7 Hz). 4.39 
(IN. m). 4.35 (1H. dd. J 10 and 2 Hz), 3.33 (1H. m). 2.39 (2H, q. J 7 Hz). 1.53 
(3H. s). 1.14 (3H. t. J 7 Hz), 1.10 (3H. s). 0.94 (3H. d. J 7 Hz); and the title 
. compound isomer B (14 mg. 5%); MS (TSP+ve) 539 [MH]*; HRMS (ES+ve) 
found: 539.2069 IMH]"^. C27H33F2O9 requires 539.2093; NMR 8 (COCI3) 

15 includes 7.10 (1 H. dd. J 10 and 1 Hz). 6.62 (1H. dd. J 6 and 2 Hz). 6.44 (1H. s), 
6.38 (IN. dd. J 10 and 2 Hz). 5.48 and 5.28 (1H. 2m). 4.65 (1H. dd. J 10 and 5 
Hz). 4.55 (1H. dd. J 10 and 2 Hz). 4.41 (1H. m). 3.81 (1H. m). 3.24 (1H. m). 2.38 
(2H. q. J 7 Hz). 1.53 (3H. s). 1.12 (6H. s and t, J 7 Hz). 0.96 (3H. d. J 7 Hz). 

20 ExampleilO 

6a.9a-Difluoro-1 16-hvdroxy-16tt-methyl-3-oxo-17tt-propionyloxy«androsta>1 .4- 
diene'176-carbothioic acid S-(5-methvl-2-oxo-1.3^loxol-4>vlmethvl) ester 

A solution of 6a.9a-difluoro-1ip-hydroxy-16a-methyl-3-Qxo-17a-propionyloxy- 
25 androsta-1 .4-diene-17p-cartoothjoic acid (228 mg. 0.49 mmol) in OMF (4 mO was 
treated witti potassium carbonate (67 mg. 0.49 mmol) and the resulting mixhire 
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was Stirred under nitrogen for 20 min at room temperature. After cooling in an 
ice^atti. a solution of 4-bromo-methyl-5-methyl-1.3-dioxol-2-one (123 mg. 0.64 
mmoO m DMF (1 ml) was added. The rea^n mixture was stirred at room 
tem^rature for 3 h after which the mixture was conceirtrated under reduced 
pressure. Water (25 mi) and ethyl acetate (25 mO were added to the residue. 
The organic phase was separated and washed with bnne (20 mi), dried and 
evaporated to a gum. This was purified by column chromatography on silica gel, 
eluting vnth chlorofbrm-methanol (40:1). The appropriate fractions were 
combined and evaporated to dryness and tt\e residue (115 mg) was triturated in 
diethyl ether (3 ml) to give the title compound (76 mg. 27%); MS (TSP^ve) 581 
{MHi*: IR vmax (KBr) 3412. 1821. 1740. 1668. 1629 cm'^; NMR S (CDCI3) 
includes 7.11 (1H. dd. J 10 and 1 Hz). 6.44 (1H. s). 6.38 (1H. dd, J 10 and 2 
Hz). 5.44 and 5.32 (1H. 2m). 4.41 (1H. m). 3.90 (2H. AB q, J 14 Hz), 3.34 (1H. 
m). 2.35 (2H, q. J7 Hz). 2.17 (3H. s), 1.52 (3H. s). 1.12 (3H, t. J7 Hz). 1.00 (3H. 
s), 0.97 (3H. d. J. 7 Hz); (Found: C. 59.6; H. 6.2. C29H34F2O8S requires C. 60.0; 
H.5.9%). 

Example 11 

6a.9c-Difluoro-1 1 p-hydfOXV-16a.17a-isoprop^idenedioxy-3-oxo-andro8ta-1 .4- 
diene-178-carbothioic add S-(5-mettiyl-2-oxo-1.3-dioxol-4-ylmethvl) ester 

A solution of 6a.9a-dlfluoro-11p-hydroxy-16a.17a-isopropylidenedioxy-3-oxo- 
androsta-1.4-diene-17p-carbothioic acid (200 mg. 0.44 mmol) in DIVIF (5 ml) was 
treated with potassftim carbonate (61 mg, 0.44 mmol) and the resulbng mixture 
was stirred under nitrogen for 0.5 h at room temperature. After cooling in an ice- 
bath. 4^romomethyl-5-methyl-1.3-dioxoi-2-one (102 mg. 0.53 mmol) was 
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added. The reaction mixture was stirred at room temperature for 22 h after 
which water (20 mi) and ethyl acetate (20 mi) were added. The organic phase 
was separated and washed with brine (20 mO. dried and evaporated to a solid. 
This was purified by column chromatography on silica gel, eiuting with ethyl 

. 5 aoetate-cydohexane (1:1) to give the titie compound (212 mg. 85%); mp. 241- 
244 •C; MS (TSP^e) 567 {MHf: IR v^ax 0®^ 3418. 1822. 1667, 1663 cm" 
'<:NMR 8 (COCI3) includes 7.12 (1H. d. J 10 Hz). 6.44 (1H. s), 6.38 (1H. dd. J 10 
and 2 Hz). 5.49 and 5.29 (1H. 2m). 4,98 (1H. d. J 5 Hz), 4.40 (1H. m). 4.03 (1H. 
d. J 18 Hz), 3.70 (1H. d. J 18 Hz). 2.19 (3H. s). 1.53 (3H. s). 1.44 (3H. s), 1.22 

10 (3H. s). 0.87 (3H. s); (Found: C. 59.4; H. 5.7; S. 5.6. CjaHajFaOgS requires C. 
59.4; H. 6.7; S. 5.7%). 

Example 12 

6a.9a-DifluofO-1 164^vdroxv-16a«methvl--3-oxo-17tt»propionvtexy-andro8ta-1 .4- 
15 diene-17fl-cart>oxvBc acid O^S-mett>vl-2-oxo-1.3-dioxot'4-vlmethvO ester 

A solution of 6a,9a-difluoro-1ip-hydroxy-16a-methyl-3-oxo-17o-propk)nyloxy- 
androsta-1.4-diene-17p<arboxylic acid (220 mg. 0.49 mmol) in OUP (4 ml) was 
treated with potassium cari^onate (67 mg, 0.49 mmol) and the resulting mixture 

20 was stirred under nitrogen for 20 min at room temperature. After cooling in an 
ice-bath, a solution of 4-bromoniethyl-5-methyl-1,3^ioxol-2-one (123 mg. 0.64 
mmol) in DMF (1 ml) was added. The reaction mixture was stirred at room 
temperature for 3.5 h after which the mixture was concentrated under reduced 
pressure. Water (30 ml) and ethyl acetate (30 mO were added to the residue. 

25 Th organic phase was separated and washed virith brine (25 ml), dried and 
evaporated to a foam. This was purified by colunm chromatography on silica g I. 
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duting with diiorofornHnethanol (60:1). The appfXH>riate fractions were 
combined and evaporated to dryness and the residue (65 mg) was triturated in 
diethyl ether (3 mi) to give the title compound (26 mg. 9%); MS (TSP-i-ve) 565 
IMH]*; IR vjnax XKBr) 3393. 1822. 1747, 1869, 1830 cm''': HMR $ (COCI3) 
includes 7.11 (1H. d. J 10 Hz). 6.43 (1H. s). 6.38 (1H. dd. J 10 and 2 Hz). 5.44 
and 5.32 (1H. 2m), 4.95 and 4.80 (1H each. d. J 14 Hz). 4.39 (1H, m). 3.28 (1H. 
m). 2.35 (2H. q. J 7 Hz). 2^0 (3H. s). 1.52 (3H. s). 1.15 (3H, \,J7Hz). 0.98 (3H. 
s). 0.93 (3H, d, J7 Hz): (Found: C. 60.7; H. 6.35. C29H54F2O»0.5H2O requires C. 
60.7: H. 6.15%). 

Pharmacological Activity 
fA). Glucocorticoid activity 

The phamiacoiogicai acfivrty was studied in a functionai in vitm assay to 
demonstrate glucocorticdd acthdfy which is generally predictive of anti> 
inflammatory or anti^lergic activity in vivo. 

Ihe ftjnctional assay used was a nxxfiflcation of the method described by T.S 
Berger et al. of J. of Steroid Biochem. Molec. Biol. 1992. 41 (3-8). 733-738. 
Interaction of Glucocorticoid analogues with the Hwnan GlucocorticcMd 
Receptor". 

Thus, Hela cells were stat>ly transfected with a detectable reporter gene 
(secreted placental alkaline phosphatase, sPAP) under the control of a 
glucocorticoid response promoter (the L7R of the mouse mammary tumour 
virus. IMMTV/). 
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Various concentrations of standard (dexamethasone) or compounds of the 
in^^tion were incubated with transfected Hela cells for 72 hours. At the end of 
the incubation, substrate (p-nitrophenol acetate) for sPAP was added and the 
produd measured by a spectrophotometric method. Increased absorbanoe 
reflected increased sPAP transcdption and concentration-response lines were 
constructed such that ECso-values could be estimated. 

In this test, the compounds of Examples 1, 2. 3, 4 and 5 had ECso-values of less 
than about 250nM. The compounds of Example 7 (isomers A and B) and 10 had 
ECso-values of less than SOOnM. 

(B). p-»-/^onist activity 

The compound of Example 6 was tested for its ability to cause relaxation of 
electrically induced contractile responses in guinea pig tracheal strips as 
described by Coleman and Niais. Journal of Pharmacologtcai Methods 1989. 21. 
71-86. ECso-values were obtained for the test compound and for the standard 
isoprenaiine for the same tracheal strip. The ECso-value for the compound of 
Example 6 was found to be 5.3 times greater than that of the isoprenaiine 
stendard. 

Stabaity in Human Plasma 

The stability of various of the compounds of the ExanH>les in human plasma was 
tested using the following 'lability in hwnan plasma' test method: SOOyl aliquots 
of human plasma in screw capped polypropylene tubes were preincubated at 
37 C in a watert}ath for 5 minutes. The plasma samples were then spiked with 
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5Mi of test compound (nominally SmgMii in OMSO). Aliquots (100^ were 
removed immediately and after 5 minutes and mixed wrtli an equal volume of 
acetonitrite. The sarrqsles were centrifuged and the supematants were 
transferred to autosampier vials for HPLC and half-life analysis. 

In the HPLC procedure, aliquots (ZQyJ) of ait the supematants were ir^ected onto 
a Zorbax Rx C8 column (250 x 4.6mm; Hichrom). The column was maintained 
at 40^C and eluted at a flow rate of 1.0 mL/min with a mobile phase of 
acetoniti^e: 50 mM ammonium fonnate (65:35) adjusted to pH 4.2 witfi fonnic 
acid. Detection was by UV absorbance at 240nm. and chromatographic peak 
areas for both parent and metabolite were measured 

To detenmine the halMife, for each compound peak areas were plotted against 
time on a log-linear scale, and the half lives determined by extrapolation or 
interpolation of a straight line joining two points. 

All ttie isomer/compounds of the Examples were found to be unstable in human 
plasma indicating that they are expected to possess an advantageous in vivo 
side effect profile. The compounds/isomers of ail the Examples show haif-lives 
of less than 1 h. The compounds of Examples 3. 4 and 6 to 12 show half-lives 
of less than 10 min. 

Hydrolysis by human serum paraoxonase 

The susceptibility to hydrolysis by human serum paraoxonase of certain of the 
compounds of the Examples was assessed using the test protocol of the 
'enzymatic hydrolysis test m thod' described h rein. 
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The compounds of Examples 3, 4. 7 (m mer A), 9 ftsomer A) and 12 were all 
found to have been hydrolysed by the paraoxonase enzyme. Similar results 
were obtained for the compounds of Examples 2. 3, 4, 6 and 7 (isomer B) when 
the test was repeated using purified lactonase enzyme obtained from human 
plasma. 

Stability in human lung S9 

The stability of the compound of Examples 4 and 6 in a model human lung 
environment was assessed using the following test protocol: Incubations were 
carried out. at 37''C, in SOOftL volumes of human lung S9 diluted 1:1 with lOmM 
phosphate buffer pH 7.4 to which was added 50^1 of 30mg/mi (Aq) NADPH. 
The reactions were started by the addition of Sfil of test compound (nominally 
5mg/mi solution in DMSO). Aliquots (lOOfil) were removed immediately and 
after 1 hour and mixed witfi an equal volume of ac^tonitriie to stop the reaction. 
Samples were centrifuged and the supematants were transfierred to 
autosampler viate for HPLC analysis and haif-iife analysis using methods 
identical to those described in the 'stability in human plasma' test protocol 
described above. Control incubations containing no lung S9 were also included. 

The connipounds of Examples 4 and 6 were only slowly hydrolysed in this lung 
S9 preparation (half-life >60min). It is thus illustrated that these compounds 
show stability in a target tissue environment (in this case the lung) whilst being 
rapidly inactivated in a plasma environment 



